Abstract: The algorithm of optimal control of transport robots for automatic warehouses is considered in the paper. The minimum criterion for a quadratic form was chosen as the criterion of optimality. A quadratic functional of quality that determines the energy of control and displacement is considered. A solution is proposed for a quality criterion that minimizes the energy of control and displacement. The robots control based on a mathematical model is proposed with the calculation of the state matrices and the control matrix at each step. The properties of transport robots system are considered: controllability and identifiability. For a linear stationary system, the criteria for controllability, identifiability and observability as the rank of the extended matrix are chosen. It is proposed to perform diagnostics of drives, electronic control devices and software in a complex manner based on the parametric model and calculation of the identifiability criterion. A large inaccuracy in the measurement results in a larger control error and a loss of controllability. Moreover, with the loss of identifiability, the measurement problem becomes poorly conditioned. This approach will allow to perform complex diagnostics of transport robots system and in time to identify potentially faulty components and exclude them from the system.
Introduction
There are many papers on automatic warehouses and transportation equipment [1] [2] [3] [4] [5] [6] [7] . The development of wheeled vehicles of general and special purpose is considered in papers [8] [9] [10] [11] . In papers [12] [13] [14] [15] [16] [17] [18] problems of diagnostics of transport robots and their drives are considered.
At present, much attention is paid to the reliability and safety of the use of complex systems, which include multiagent automatic warehouse systems. As a rule, the model of technical systems reliability is represented in the form of a connection between the failure rate parameter and the probability of failure. All models of system diagnostics are defined either as diagnostics of individual elements of the system in order to confirm their probabilistic model, or as a complex analysis of probabilistic models for the entire system, taking into account the connection between the elements.
The main attention is paid to the accuracy of measurements for verification of the probabilistic reliability model. The solution of diagnostic problems in practical tasks is confronted with measuring poorlydefined tasks. Moreover, the probabilistic model based on the failure rate is oriented to sudden failures, although for complex systems it is characteristic to remain operational even if some or all of the elements of this system fail. This approach implies an increase in the number of information measuring diagnostic subsystems at the element level with very complex algorithms for processing primary data and decision algorithms for reliability system.
In this paper, we propose a systematic approach to the solution of the problem of diagnostics of complex systems, based on the construction of a matrix mathematical model that assumes the possibility of computing the properties of complex systems such as controllability, observability, and identifiability. These properties are used to diagnose a complex system in the sense of its ability to perform an a priori specified objective function. The model of a complex system is represented as:
(1) where: A(t) is a functional matrix of size n x n, called the state matrix of the system (object); B(t) is a functional matrix of size n x r, called the control matrix (input); C(t) is a functional matrix of size m x n, called the exit state matrix.
Controllability, observability and identifiability are determined by the rank of the matrix sequence
This approach involves the calculation of the state matrices A(t), the control B(t), and the measurement of C(t) in the solution of the measurement task.
Methodology
Let the automatic warehouse be serviced by n highly manoeuvrable robots, each of which has three degrees of freedom, that is, the state of the robot is determined by the speed of linear displacement with respect to the coordinates x, y and rotation around the z coordinate. Then the state vector can be written as
In general, when all vectors and matrices are timedependent, the problem is non-linear and has only particular solutions. To find the equation of state, we represent (1) in a discrete form, with the sampling time Δt tending to zero, and the trajectory on each discrete part is linear. We write (1) in the form
Multiplying the left and right sides of the first equation by Δt, we obtain
where
This equation relates the transition of the system from the state . to the state ./ . In the interval Δt we take the values of the matrices to be constant. Then for a group of highly manoeuvrable transport robots [11] 
In (4) for convenience of writing, the "wavy line" icon above the matrix elements is omitted. Further, the matrices A, B, C and their elements will be denoted without a wavy line. Let us find the solution (1) without the second equation, which is the measuring part of the system. The quadratic functional of quality, which determines the energy of control and displacement, is expressed as follows
where Q and G are positive arbitrarily defined matrices. The matrices Q and G are chosen arbitrarily. It is not always possible to obtain a solution of the equation for finding u. It is proposed to select these matrices by selection or simulation modelling [19] , [20] .
The solution (1) for the quality criterion (5), minimizing the control and displacement energy, is determined by the following expression [19] , [20] .
where K is the Cauchy matrix, K = K T , which can be found by solving the Riccati equation [19] NO 
must be positive definite, since positive definite matrices Q and G are used in the quadratic functional of quality (5), which is also positive. Thus, the robot group is controlled by the solution (6) according to the model (4) 
Y is a random vector that maps the random character of measurements to an information measuring system.
Result and discussion
Important properties of a complex system are its manageability and identifiability. Manageability allows in principle to implement the target function of the system. Identifiability in its parametric form will be used to diagnose the state of the system in terms of its potential functionality.
Controllability. For a linear stationary system, at each step of linearization, the criterion of controllability is the rank of the extended matrix:
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If condition (9) is satisfied, then the system is controllable.
Identifiability. In abstract-theoretical analysis, identifiability is a particular case of observability. Identity is understood as the receipt or refinement of the model of a real object from experimental data. For a linear stationary system at each step of linearization, the criterion of identifiability and observability is the rank of the expanded matrix:
If condition (9) and (10) are satisfied, then the system is observable, manageable and identifiable.
The model of a complex system consisting of a group of robots includes models of mechatronic devices. In the mechatronic device model, parameters such as inductance, coercive force of magnetic components, leakage currents, etc., which are changed during operation due to aging and interaction with other components of the system, are directly or indirectly connected. It is proposed to carry out diagnostics of drives, electronic control devices and software in a complex way based on the parametric model (4) and calculating the criterion of identifiability (10) taking into account the degree of proximity to zero of the main determinants in calculating the rank of the expanded matrices (9) and (10).
We write down the solution of the informationmeasuring problem of the model (4). 
The vector of the right-hand side of (11) is substituted in (6) as an estimate of the state. A large inaccuracy in the measurement leads to a larger control error and, in the end, leads to a loss of controllability. Moreover, with the loss of identifiability, the determinant of the inverse matrix in (11) is close to zero and the measurement problem becomes poorly conditioned. Such approach will allow to perform complex diagnostics of the system and in time to detect potentially faulty components and to exclude them from the system.
Conclusions
In this paper we present: Mathematical model of diagnostics of a complex system, based on the matrix model of control in the time domain.
Optimal discrete algorithm for computing the control vector for a group of mobile robots.
Algorithm for monitoring the system based on the potential for performing the objective function by determining the properties of the system-controllability, observability and identifiability, by calculating the rank of the matrix sequences composed of the matrices of state, control, and measurement.
Thus, for a complex system, from the measurements of the current state, the correspondence of its behaviour to the a priori model of this complex system is determined, which allows us to speak of the fulfilment of the objective function.
